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Abstract
The article studies Lorentz-invariant 2D equations with long-lived (t ∽ 1000 ) localized
solutions. In the case of three scalar fields localized solutions with a nontrivial internal structure
similar to the hadron structure are showed. In this case, the solutions of the equations are
analogous to the confinement model by flux tube.
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Introduction
Soliton solutions of nonlinear equations are often regarded as extended models of particles[1-
9], for example, the Skyrme model [10-12] describing the internal structure of baryons and
lightweight nuclei. In the course of this approach particles are described as a “bunched field”
occupying a bounded region of a space. Such an approach is different from the standard model
where the extended particles are constructed of point particles. One of the drawbacks of the
soliton approach is a small number of mathematical models with 2D and 3D stable localized
solutions. The work presents Lorentz-invariant 2D equations with long-lived localized solutions.
The solutions have an interesting internal structure the properties of which suggest the analogy
with the hadrons’ structure.
Results
Equations (1,2) with localized symmetric solutions that do not spread spherically or cylin-
drically in 3D and 2D cases have been considered before in [13].
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Numerical simulation in 2D case shows that without the condition of cylindrical symmetry
the localized solutions of one field are unstable and are quite fast (t ∽ 30) to fall apart. For
this reason equations of the form (3-4) for two fields were considered
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The equations are interesting because they have long-lived nonspreading numerical solu-
tions. Localized solutions in them are kept without noticable energy losses during the whole
time of the numerical simulation ( t ∽ 1000) . A remarkable feature of the solutions with
some parameters is their nontrivial structure. Particularly, the solutions represent an oval
periodically changing its orientation on plane xy (fig.1 ,2).
Figure 1: Orientation of the solution (3-4) in Ox-direction. n = 8;α = 1;β = 12; γ = 12
Figure 2: Orientation of the solution in Oy-direction.
To obtain a more complex internal structure, solutions of equations (5-7) for three scalar
fields were numerically investigated:
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The equations are constructed in such a way that two scalar fields u, v repel at large
amplitudes because of summands . The presence of several fields, simultaneously nonzero,
results in a more stable localization of solutions. The example of the existence of the solutions
of equations (3-4) proves that. Numerical solutions of equations (5-7) have a more remarkable
internal structure. Under some initial conditions and parameters (n = 8;α = 1; β = 12; γ =
18;λ = 360; ξ = 1.2; η = 8pi;µ = 1 ) , the solution is a structure of two periodically emerging
maxima of the value of function (u2 + v2 + w2)(1/2)) . See fig. 3.
Figure 3:
The solution with a maximal amplitude is changed to the solution with a minimal ampli-
tude of value (u2 + v2 + w2)(1/2) . See fig. 4
Figure 4:
Figure 5:
Such a behavior of the solutions is kept constant for quite a long time (t ∽ 400) without
a noticeable distortion of the solution form.
3
Results and discussion
As is seen from the numerical solution of equations (3-4) the equations of the scalar fields with
fractional nonlinear nature are of interest for being the equations with nonspreading localized
solutions. The existence of deviation of spatial orientation of the solutions suggests some analog
of surface tension for localized solutions. Repelling for different fields can be compensated by
this surface tension. The fact makes it possible to obtain long-lived solutions with several
spatial maxima, which is proved by the numerical solutions of equations (5-7). The solutions
of equations (5-7) can be interpreted as the classical variant of the model consisting of two
“quarks”, or spatially separated maxima of fields. In this case, the solutions of the equations
are similar to the confinement model by flux tube [14]. Besides, model (3-4) is promising because
in the Hamiltonian of the model the summand of the form vu providing some confinement for
fields can be added. This is the case when, if one or more than one field u, v is different from
zero, the summand generates another field in motion equations (3-4).
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